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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lithium secondary battery excellent in safety such as 
an overcharge prevention and battery characteristics such as cycle characteristics, capacitance 
and preservation characteristics. 

SOLUTION: With the lithium secondary battery composed of a positive electrode made of a 
complex compound of lithium containing cobalt or nickel, a negative electrode consisting of a 
material capable of storing and discharging lithium metal, a lithium alloy or lithium, and a 
nonaqueous electrolysis solution with an electrolyte dissolved in a nonaqueous solvent, an 
organic compound is made contained in the nonaqueous electrolysis solution, and the safety of 
the battery is secured by having it coated with an active lithium* metal precipitated on the 
negative electrode through decomposition of the organic compound at overcharge. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

The positive electrode which consists of a multiple oxide with the lithium containing cobalt or 
nickel, In the negative electrode which consists of an ingredient which emits [ occlusion and ] a 
lithium metal, a lithium alloy, or a lithium, and the lithium secondary battery which consists of 
nonaqueous electrolyte by which the electrolyte is dissolved in the non-aqueous solvent The 
lithium secondary battery characterized by making an organic compound contain in this 
nonaqueous electrolyte, and for this organic compound decomposing at the time of overcharge, 
and securing the safety of a cell by coating the activity lithium metal which deposited on the 
negative electrode. 
[Claim 2] 

The lithium secondary battery according to claim 1 with which oxidation potential is 
characterized by using the ketone compound which is +4.6V-+5.2V to a lithium as said organic 
compound. 
[Claim 3] 

The lithium secondary battery according to claim 2 said whose ketone compound is at least one 
sort chosen from CHUJON, menthone, iso menthone, camphor, NOPINON, and fenchone. 
[Claim 4] 

The lithium secondary battery according to claim 1 said whose organic compounds are at least 
one sort of a ketone compound, and a cyclohexylbenzene compound. 
[Claim 5] 

The lithium secondary battery according to claim 4 which is at least one sort as which said 
cyclohexylbenzene compound is chosen from cyclohexylbenzene, 1-fluoro-2-cyclohexylbenzene, 
1 -fluoro-3-cyclohexylbenzene, 1 -fluoro-4-cyclohexylbenzene, 1 -chloro-4-cyclohexylbenzene, 
1-BUROMO-4-cyclohexylbenzene, and 1 -iodine-4-cyclohexylbenzene. 
[Claim 6] 

The lithium secondary battery according to claim 1 said whose organic compounds are at least 
one sort of a ketone compound, and a tert-alkylbenzene compound. 
[Claim 7] 

The lithium secondary battery according to claim 6 which is at least one sort as which said tert- 
alkylbenzene compound is chosen from tert-butylbenzene, tert-pentyl benzene, l-fluoro-4-tert- 
butylbenzene, and 1-fIuoro-4-tert-pentyl benzene. 
[Claim 8] 

The lithium secondary battery according to claim 1 with which the content of said organic 
compound carries out the description of being 0.1 % of the weight - 10 % of the weight to the 
electrolytic solution. 
[Claim 9] 

The positive electrode which consists of a multiple oxide with the lithium containing cobalt or 
nickel, In the negative electrode which consists of an ingredient which emits [ occlusion and ] a 
lithium metal, a lithium alloy, or a lithium, and the lithium secondary battery which consists of 
nonaqueous electrolyte by which the electrolyte is dissolved in the non-aqueous solvent How to 
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secure the safety of the cell characterized by making an organic compound contain in this 
nonaqueous electrolyte, and for this organic compound decomposing at the time of overcharge, 
and securing the safety of a cell by coating the activity lithium metal which deposited on the 
negative electrode. 
[Claim 10] 

How to secure the safety of the cell according to claim 9 by which oxidation potential is 
characterized by using the ketone compound which is +4.6V-+5.2V to a lithium as said organic 
compound. 
[Claim 11] 

How to secure the safety of the cell according to claim 10 said whose ketone compound is at 
least one sort chosen from CHUJON, menthone, iso menthone, camphor, NOPINON, and 
fenchone. 
[Claim 12] 

How to secure the safety of the cell according to claim 9 said whose organic compounds are at 
least one sort of a ketone compound, and a cyclohexylbenzene compound. 
[Claim 13] 

How to secure the safety of the cell according to claim 12 which is at least one sort as which 
said cyclohexylbenzene compound is chosen from cyclohexylbenzene, 1-fluoro-2~ 
) cyclohexylbenzene, 1-fluoro-3-cyclohexylbenzene, 1-fluoro-4-cyclohexylbenzene, 1-chloro-4- 
cyclohexylbenzene, 1-BUROMO-4-cyclohexylbenzene, and 1-iodine-4-cyclohexylbenzene. 
[Claim 14] 

How to secure the safety of the cell according to claim 9 said whose organic compounds are at 
least one sort of a ketone compound, and a tert-alkylbenzene compound. 
[Claim 15] 

How to secure the safety of the cell according to claim 14 which is at least one sort as which 
said tert-alkylbenzene compound is chosen from tert-butylbenzene, tert-pentyl benzene, 1- 
fluoro-4-tert-butylbenzene, and 1-fluoro-4-tert-pentyl benzene. 
[Claim 16] 

How to secure the safety of the cell according to claim 9 by which the content of said organic 
compound carries out the description of being 0.1 % of the weight - 10 % of the weight to the 
electrolytic solution. 
[Claim 17] 

The positive electrode which consists of a multiple oxide with the lithium containing cobalt or 
nickel, In the electrolytic solution for lithium secondary batteries which consists of a negative 
electrode which consists of an ingredient which emits [ occlusion and ] a lithium metal, a lithium 
' alloy, or a lithium, and nonaqueous electrolyte by which the electrolyte is dissolved in the non- 
aqueous solvent The electrolytic solution for lithium secondary batteries characterized by 
making an organic compound contain in this nonaqueous electrolyte, and for this organic 
compound decomposing at the time of overcharge, and securing the safety of a cell by coating 
the activity lithium metal which deposited on the negative electrode. 
[Claim 18] 

The electrolytic solution for lithium secondary batteries according to claim 1 7 with which 
oxidation potential is characterized by using the ketone compound which is +4.6V-+5.2V to a 
lithium as said organic compound. 
[Claim 19] 

The electrolytic solution for lithium secondary batteries according to claim 1 8 said whose ketone 
compound is at least one sort chosen from CHUJON, menthone, iso menthone, camphor, 
NOPINON, and fenchone. 
[Claim 20] 

The electrolytic solution for lithium secondary batteries according to claim 1 7 said whose 
organic compounds are at least one sort of a ketone compound, and a cyclohexylbenzene 
compound. 
[Claim 21] 

The electrolytic solution for lithium secondary batteries according to claim 20 which is at least 
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one sort as which said cyclohexylbenzene compound is chosen from cyclohexylbenzene. 1- 
fluoro-2-cyclohexylbenzene, 1-fluoro-3-cyclohexylbenzene, 1 -fiuoro-4-cyclohexylbenzene 1- 
chloro-4-cyclohexylbenzene, 1-BUROMO-4-cyclohexylbenzene, and 1-iodine-4- 
cyclohexylbenzene. 
[Claim 22] 

The electrolytic solution for lithium secondary batteries according to claim 17 said whose 
organic compounds are at least one sort of a ketone compound, and a tert-alkylbenzene 
compound. 
[Claim 23] 

The electrolytic solution for lithium secondary batteries according to claim 22 which is at least 
one sort as which said tert-alkylbenzene compound is chosen from tert-butylbenzene. tert- 
pentyl benzene, 1 -fluoro-4-tert-butylbenzene, and 1 -fluoro-4-tert-pentyl benzene 
[Claim 24] 

The electrolytic solution for lithium secondary batteries according to claim 1 7 with which the 
content of said organic compound carries out the description of being 0.1 % of the weight - 10 % 
of the weight to the electrolytic solution. 



[Translation done.] 
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LThis document has been translated by computer. So the translation may not reflect the original 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the new lithium secondary battery which can offer the lithium 
secondary battery excellent also in cell properties, such as safeties, such as overcharge 
prevention of a cell, and a cycle property, electric capacity, and a preservation property, and the 
method of securing the safety of the lithium secondary battery, and the electrolytic solution for 
lithium secondary batteries with still higher safety. 
[0002] 

[Description of the Prior Art] 

In recent years, the lithium secondary battery is widely used as power sources for actuation, 
such as small electronic equipment. Moreover, not only a portable electron and communication 
equipment, such as a small video camera, a cellular phone, and a notebook sized personal 
computer, but the expectation as a power source for automobiles is great. This lithium 
secondary battery mainly consists of a positive electrode, nonaqueous electrolyte, and a 
negative electrode, and the lithium secondary battery which used lithium multiple oxides, such as 
LiCo02, as the positive electrode, and used the carbon material or the lithium metal as the 
negative electrode is used especially suitably. And as a non-aqueous solvent of the electrolytic 
solution for lithium secondary batteries, carbonate, such as ethylene carbonate (EC) and 
propylene carbonate (PC), is used suitably. 
[0003] 

At the time of overcharge which exceeds the usual operation electrical potential difference, from 
a positive electrode, in a negative electrode, a deposit of a superfluous lithium arises and a 
dendrite produces such a lithium secondary battery at the same time a superfluous lithium is 
emitted. Therefore, the two poles of forward and a negative electrode destabilize chemically. If 
the two poles of forward and a negative electrode become instability chemically, it will act with 
the carbonate in ************ soon, and will decompose, and rapid exothermic reaction will 
occur. By this, a cell generates heat unusually and the problem that the safety of a cell is spoiled 
is produced. Such a situation poses such an important problem that the energy density of a 
lithium secondary battery increases. 
[0004] 

In order to solve such a problem, the thing which enabled it to secure safety to overcharge was 
proposed in JP,7-3026t4,A by adding an aromatic compound little as an additive in the 
electrolytic solution, In this JP,7-302614,A, the anisole derivative which has the pi electron orbit 
which has a reversibility oxidation reduction potential in electropositive potential rather than the 
positive-electrode potential at the time of a full charge with 500 or less molecular weight as an 
additive of the electrolytic solution is used. Such an anisole derivative has secured the safety of 
a cell to overcharge by carrying out a redox shuttle within a cell. 
[0005] 

Moreover, in JP.9-106835A when a carbon material is used for a negative electrode, a biphenyl, 
a 3-R-thiophene, 3-chloro thiophene, and a furan are used about 1 to 4% as an additive of the 
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electrolytic solution and a biphenyl etc. carries out a polymerization on the electrical potential 
difference exceeding the maximum working voltage of a cell, internal resistance of a cell is 
enlarged and the method of securing the safety of a cell to overcharge is proposed. Moreover in 
JP.9-171840.A, similarly, a biphenyl, a 3-R-thiophene. 3-chloro thiophene, and a furan are used, 
when a biphenyl etc. carries out a polymerization on the electrical potential difference exceeding 
the maximum working voltage of a cell, a gas is generated, an internal short circuit is produced 
by operating internal electroscission equipment, and the method of securing the safety of a cell 
to overcharge is proposed. Moreover, in JP, 10-32 1258 A when a biphenyl, a 3-R-thiophene. 3- 
chloro thiophene, and a furan are used and a biphenyl etc. carries out a polymerization on the 
electrical potential difference exceeding the maximum working voltage of a cell similarly, the 
method of producing an internal short circuit and securing the safety of a cell to overcharge is 
proposed by generating a conductive polymer. 
[0006] 

However, a cycle is repeated to the electrical-potential-difference upper limit which exceeds 
4.1 V in the cell which added the biphenyl etc. in JP.1 1-1 6251 2,A, or there is an inclination to 
worsen cell properties, such as a cycle property, at an elevated temperature 40 degrees C or 
more in the state of the charge and discharge exposed for a long period of time, and it is 
indicated with buildup of an addition that there is a trouble that the inclination becomes 
remarkable. Then, the electrolytic solution which adds 2 and 2-diphenyl propane etc. is proposed, 
when 2 and 2-diphenyl propane etc. carries out a polymerization on the electrical potential 
difference exceeding the maximum working voltage of a cell, by generating a gas. operating 
internal electroscission equipment or generating a conductive polymer, an internal short circuit is 
produced and the method of securing the safety of a cell to overcharge is proposed. 

[Problem(s) to be Solved by the Invention] 

However, the anisole derivative proposed by JP, 7-30261 4.A produced the problem of having an 
adverse effect on a cycle property or a preservation property, to acting effectively to 
overcharge by the redox shuttle. If exposed to a local somewhat high electrical potential 
difference, an anisole derivative will decompose gradually with charge and discharge, and the 
anisole derivative proposed has the problem that an original cell property falls, when usually 
using it by operating potential, an elevated temperature 40 degrees C or more and. Therefore, 
since an anisole derivative decomposes and decreases gradually with the usual charge and 
discharge, if a overcharge trial is performed in 300 cycles, insurance may not be securable 
enough. 
[0008] 

Moreover, similarly, to acting effectively to overcharge, the biphenyl proposed by JP 9-106835 A 
JP.9-171840.A. and JP.10-321258.A, the 3-R-thiophene. 3-chloro thiophene. and the furan also' 
had the adverse effect on the cycle property or the preservation property, and produced the 
problem of becoming remarkable with a biphenyl addition as pointed out by aforementioned 
JP.1 1-1 6251 2.A. Since oxidative degradation of the biphenyl etc. is carried out with the potential 
not more than 4.5V, if this is exposed to an elevated temperature 40 degrees C or more or an 
electrical potential difference local somewhat high also when usually using it by operating 
potential, since a biphenyl etc. decomposes and decreases gradually, a cycle life will fall. 
Furthermore, since a biphenyl etc. decomposes and decreases gradually with charge and 
discharge, if a overcharge trial is performed in 300 cycles, insurance may not be securable 
enough. 
[0009] 

Furthermore, although the safety to overcharge is not so good as the cell by which the cell 
which added 2 and 2-diphenyl propane proposed by JP.1 1-16251 2.A added the biphenyl. the 
safety to overcharge is better than the cell which nothing adds. Moreover, it is indicated rather 
than the cell which nothing adds although the cycle property superior to the cell by which the 
cell which added 2 and 2-diphenyl propane added the biphenyl is acquired that a cycle property 
is bad. Therefore, in order to acquire a cycle property better than the cell which added the 
biphenyl, it is said that sacrificing a part of safety can approve. 
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thus, as a device of the conventional overcharge prevention By carrying out a polymerization 
with the approach and the potential not more than 4.5V which carry out a redox shuttle with the 
potential of the 4.5V neighborhood Although the method of producing an internal short circuit by 
producing an internal short circuit by generating the approach and gas which enlarge internal 
resistance of a cell, and operating internal electroscission equipment, or generating a conductive . 
polymer, and securing the safety of the cell to overcharge is learned The actual condition is that 
cell properties, such as safeties, such as overcharge prevention, and a cycle property, electric 
capacity, and a preservation property, are not necessarily satisfactory. 
[0010] 

This invention solves the technical problem about the above electrolytic solutions for lithium 
secondary batteries, and aims at offering the lithium secondary battery which can constitute the 
lithium secondary battery excellent also in cell properties, such as safeties, such as overcharge 
prevention of a cell, and a cycle property, electric capacity, and a preservation property, and the 
method of securing the safety of the lithium secondary battery, and the electrolytic solution for 
lithium secondary batteries with still higher safety. 
[0011] 

[Means for Solving the Problem] 

The positive electrode with which this invention consists of a multiple oxide with the lithium 
containing cobalt or nickel, In the negative electrode which consists of an ingredient which emits 
[ occlusion and ] a lithium metal, a lithium alloy, or a lithium, and the lithium secondary battery 
which consists of nonaqueous electrolyte by which the electrolyte is dissolved in the non- 
aqueous solvent Make an organic compound contain in this nonaqueous electrolyte, and this 
organic compound decomposes at the time of overcharge. It is related with the lithium secondary 
battery characterized by securing the safety of a cell, its electrolytic solution for lithium 
secondary batteries, and the method of securing the safety of a cell by carrying out coating 
(inactivation) of the activity lithium metal which deposited on the negative electrode. 
[0012] 

When said organic compound contained in nonaqueous electrolyte carries out oxidative 
degradation electrochemically with the potential of +4.6V-+5.2V to a lithium unlike the above 
mentioned conventional example, the device of overcharge prevention of this invention The 
reaction of the activity lithium metal which deposited on the negative electrode at the time" of 
overcharge, and the carbonate in nonaqueous electrolyte is controlled beforehand, coating 
(inactivation) of the activity lithium metal which deposited on the negative electrode is carried 
out, and it is thought that the overcharge prevention effectiveness is discovered. Consequently, 
what the safety of a cell is secured enough is presumed. 
[0013] 

Furthermore, since said organic compound contained in nonaqueous electrolyte has the oxidation 
potential as high as +4.6V-+5.2V to a lithium, even if it usually repeats charge and discharge by 
operating potential, it does not have an elevated temperature 40 degrees C or more or that said 
organic solvent decomposes [ an electrical potential difference ] exceeding 4.2V locally. Thereby, 
it not only excels in safeties, such as overcharge prevention of a cell, but it is thought that the 
lithium secondary battery excellent also in cell properties, such as a cycle property, electric 
capacity, and a preservation property, can be offered. 
[0014] 

[Embodiment of the Invention] 

The following compounds are mentioned as said organic compound contained in the electrolytic 
solution by which the electrolyte is dissolved in the non-aqueous solvent. In addition, the 
oxidation potential to the lithium measured by the approach indicated in the example which 
carries out a postscript is shown in a parenthesis. 

As said organic compound, a ketone compound is used suitably [ at least one sort ]. 3-methyl- 
2-butanone (4.9V), 2-methyl-3-pentanone (4.9V). 2, 4-dimethyl-3-pentanone (5.2V), 3-methyl- 
2-pentanone (4.9V), 4-methyl~3-hexa non (4.9V), 3, 5-dimethyl-4-heptanone (5.1V), 3 and 3- 
dimethyl-2-pentanone (5.1V), pinacolin (5.1V), 2 and 2-dimethyl-3-pentanone (5.1V), 2 and 2, 4- 
trimethyl-3-pentanone (5.0V), 2, 2, 4, and 4-tetramethyl-3-pentanone (4.9V), 3, 4-dimethyl-2- 
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pentanone (4.9V), 3, 5-dimethyl-2-hexanone (4.9V), 3, 4-dimethyl-2-hexanone (4.9V), 3- 
isopropyl-2-heptanone (4.9V), 2, 4-dimethyl cyclo butanone (5.0V), 2. 2, 4, and 4-tetramethyl 
cyclo butanone (4.9V), 2, 5-dimethyl cyclopentanone (5.0V), 2, 2, 5, and 5-tetramethyl 
cyclopentanone (4.9V), (-)-CHUJON (4.9V), 2, 6-dimethyl cyclohexanone (5.0V), 2. 2 and 6 a 6- 
tetramethyl cyclohexanone (4.9V), 2, a 6-G tert-butyl cyclohexanone (4.9V), 2, a 6-G sec-butyl 
cyclohexanone (4.9V), A 2-sec-butyl cyclohexanone (4.9V), (-)-menthone (4.8V). (+) - menthone 
(4.8V), (**)-menthone (4.8V), iso menthone (4.8V), (-) - camphor (5.0V), (+)-camphor (50V) (**) 
- camphor (5.0V), (+)-NOPINON (4.9V), 2, 7-dimethyl cycloheptanone (4.9V), (-)-fenchone ' 
(4.6V), (+) - fenchone (4.6V), (**)-fenchone (4.6V), 2-ADAMANTANON (5.2V), etc. may be 
mentioned, and these may be used by one kind, and you may use it combining two or more kinds. 
However, this invention is not limited to these compounds 
[0015] 

Moreover, cyclohexylbenzene (4.7V) can be used together as said organic compound, and the 
overcharge prevention effectiveness can be raised by adding the cyclohexylbenzene whose 
oxidation potential is 4.7V to said ketone compound especially whose oxidation potential is 4.6- 
5.2V. In addition, when adding cyclohexylbenzene, for example to fenchone. below the amount of 
4 times of the content of fenchone is desirable to the weight of cyclohexylbenzene, and the 
amount of 0.3 to 3 times, especially its amount of 0.5 to 2.5 times are preferably desirable. The 
overcharge prevention effectiveness can be heightened by using together said at least two kinds 
from which oxidation potential differs as described above of organic compounds. However, the 
reaction of the activity lithium metal which deposited on the negative electrode at the time of 
overcharge by understanding an oxidized part with the potential of +4.6V-+5.0V to a lithium, and 
the carbonate in nonaqueous electrolyte is controlled beforehand, and if it is the organic 
compound with which coating deactivation) of the activity lithium metal which deposited on the 
negative electrode is promoted, this invention will not be limited to these compounds at all. 
moreover, as a compound which has the same effectiveness as said cyclohexylbenzene 1- 
fluoro-2-cyclohexylbenzene (4.8V), 1-fluoro-3-cyclohexylbenzene (4.8V), 1-fluoro-4- 
cyclohexylbenzene (4.8V), 1 -chloro-4-cyclohexylbenzene (4.8V), The cyclohexylbenzene 
compound of halogen atom permutations, such as 1 -BUROMO-4-cyclohexylbenzene (4.8V) and 
1-iodine-4-cyclohexylbenzene (4.8V), can be mentioned suitably 
[0016] 

Similarly, as said organic compound, by using together at least one sort of a tert-alkylbenzene 
compound, since the overcharge prevention effectiveness can be raised further, it is desirable 
For example, tert-butylbenzene (4.9V), 1-fluoro-4-tert-butylbenzene (4.9V) 1 -chloro-4-tert- 
butylbenzene (4.9V). 1-BUROMO-4-tert-butylbenzene (4.9V), 1-iodine-4-tert-butylbenzene 
(4.9V). 5-tert-butyl-meta xylene (4.6V). 4-tert-butyl toluene (4.7V). 3. 5-G tert-butyl toluene 
(4.8V). 1. 3-G tert-butylbenzene (4.9V). 1, 4-G tert-butylbenzene (4.9V). The tert-butylbenzene 
compound permuted by the straight chain or branching alkyl group of halogen atoms, such as 1 
3. and 5-tree tert-butylbenzene (5.0V). or carbon numbers 1-12 is mentioned. Moreover tert- 
pentyl benzene (4.8V), 1-fluoro-4-tert-pentyl benzene (4.8V), 1 -chloro-4-tert-pentyl benzene 
(4.8V), 1-BUROMO-4-tert-pentyl benzene (4.8V). 1-iodine-4-tert-pentyl benzene (4.8V) 1- 
methyl-4-tert-pentyl benzene. (4.7V)5-tert-pentyl-meta xylene (4.6V). 1 -ethyl- l-(methylpropyl) 
benzene (4.8V). benzene (1 and 1 -diethyl propyl) (4.8V). The tert-alkylbenzene compound 
permuted by the straight chain or branching alkyl group of halogen atoms, such as 1 3-G tert- 
pentyl benzene (4.7V). 1. and 4-G tert-pentyl benzene (4.7V). or carbon numbers 1-12 is 
mentioned. 
[0017] 

Furthermore, both a cyclohexylbenzene compound and a tert-alkylbenzene compound can also 
be used together to a ketone compound. For example, one or more sorts chosen from 
cyclohexylbenzene and tert-butylbenzene. tert-pentyl benzene. 1 -fluoro-4-tert-butylbenzene. 
and 1-fluoro-4-tert-pentyl benzene are mentioned to a ketone compound like fenchone 
[0018] 

In said organic compound, if too few [ when many / too /, the electric conductivity of the 
electrolytic solution etc. may change and the cell engine performance may fall, and ]. since 



http://www4.ipdl.ncipi.gojp/cei- bin/tran web cei eiie 



2006/07/11 



JP.2004-063367.A [DETAILED DESCRIPTION] 



5/11 ^— v 



sufficient overcharge effectiveness will not be acquired, 1 - 5% of the weight of the range is 
especially desirable [ the content of said organic compound ] to the weight of the electrolytic 
solution 0.1 % of the weight to 10% of the weight. 
[0019] 

As a non-aqueous solvent used by this invention, for example Ethylene carbonate (EC), 
Propylene carbonate (PC), butylene carbonate (BC), Annular carbonate, such as vinylene 
carbonate (VC), and lactone, such as gamma-butyrolactone Annular sulfonic acids, such as 1 and 
3-propane sultone, dimethyl carbonate (DMC), Chain-like carbonate, such as methylethyl 
carbonate (MEC) and diethyl carbonate (DEC) A tetrahydrofuran, 2-methyl tetrahydrofuran. 1 ,4- 
dioxane. Ether, such as 1, 2-dimethoxyethane, 1, 2-diethoxy ethane, 1, and 2-dibutoxy ethane, 
Amides, such as ester, such as nitril, such as an acetonitrile, methyl propionate, pivalate methyl, 
and pivalate octyl, and dimethylformamide, are mentioned. 
[0020] 

These non-aqueous solvents may be used by one kind, and may be used combining two or more 
kinds. Although especially the combination of a non-aqueous solvent is not limited, various 
combination, such as combination of annular carbonate and chain-like carbonate, combination of 
annular carbonate and lactone, and combination of three kinds of annular carbonate and chain- 
like carbonate, is mentioned, for example. 
[0021] 

As an electrolyte used by this invention, for example LiPF6, LJBF4, LiCI04, LiN (S02CF3) 2, LiN 
(S02C2F5)2 and LiC (S02CF3)3. LiPF4(CF3) 2, LiPF3(C2F5) 3, LiPF3(CF3) 3, LiPF3(iso-C3F7) 
3, LiPF5 (iso-C3F7), etc. are mentioned. These electrolytes may be used by one kind, and they 
may be used, combining them two or more kinds. 0.1-3 M of these electrolytes is usually 
preferably used by the concentration of 0.5-1. 5M, dissolving in the aforementioned non-aqueous 
solvent. 
[0022] 

The electrolytic solution of this invention is obtained by mixing the aforementioned non-aqueous 
solvent, dissolving the aforementioned electrolyte in this, and dissolving at least one sort in said 
organic compound. 
[0023] 

The electrolytic solution of this invention is suitably used as the configuration member of a 
rechargeable battery, especially a configuration member of a lithium secondary battery. 
Especially about configuration members other than the electrolytic solution which constitutes a 
rechargeable battery, it is not limited but the various configuration members currently used 
conventionally can be used. 
[0024] 

For example, a compound metallic oxide with the lithium which contains cobalt or nickel as 
positive active material is used. As such a compound metallic oxide, LiCo02, LiNi02, LiCol- 
xNix02 (0.0K x<1), etc. are mentioned, for example. Moreover, you may use it for LiCo02, and 
LiMn 204, LiCo02 and LiNi02 and LiMn204, mixing suitably like LiNi02. 
[0025] 

A positive electrode the aforementioned positive active material An electric conduction agent 
and polytetrafluoroethylenes (PTFE), such as acetylene black and carbon black, Polyvinylidene 
fluoride (PVDF), the copolymer of styrene and a butadiene (SBR), acrylonitrile and binders, such 
as a copolymer (NBR) of a butadiene, and a carboxymethyl cellulose (CMC), — kneading — a 
positive electrode, after considering as a mixture This positive-electrode ingredient is rolled out 
to the foil and lath plate of the aluminum as a charge collector, or the product made from 
stainless steel, and it is produced by heat-treating under a vacuum at the temperature of 50 
degrees C - about 250 degrees C for about 2 hours. 
[0026] 

As a negative electrode (negative-electrode active material), matter, such as a lithium metal, a 
lithium alloy, a carbon material [pyrolytic carbon, corks, graphite, an organic high-molecular- 
compounds (artificial-graphite, natural graphite, etc.) combustion object, and a carbon fiber] that 
can emit [ occlusion and ] a lithium, or a compound stannic-acid ghost, is used. It is desirable to 
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(Hna?) ] ^? m T SSf n especial| y the ^Phite mold crystal structure whose spacing 
(d002) of a lattice plane (002) ,s 0.335-0.340nm (nano meter), in addition, a powder ingredient iL 
a carbon materia - binders, such as a copolymer (SBR) of an ethylene-propylene-dfene 
terpolymer (EPDM) polytetrafluoroethylene (PTFE), polyvinylidene fluoride (PVDF). styrene and 
fCMrf ""I' 3 C 7°' ymer (NBR) ° f aC ^ ,onitrile and a butadiene, and a carboxymethyl cdlubse 
[0027] " ng ~ 3 negat,ve electrode - it is used as a mixture. 

Especially the structure of a lithium secondary battery is not limited and the positive electrode 
of a monolayer or a double ayer, a negative electrode, the coin mold cell which has a separator 
and a polymer battery a cyl.ndr.cal cell, a square shape cell that has the separator of the shape 

elamn r £ S ; t,Ve t :' e< ? ° de ' 8 eleCtrode ' and 3 r0 " further ' ete • « -enJoned as an 

example. In add.t.on, the fine porous membrane of polyolefine well-known as a separator textile 
fabrics, a nonwoven fabric, etc. are used w«»<*iur, texxiie 

[0028] 

Ivt^ZT^t^ batterV th j S . ,nventio " has th * rear spring supporter and the outstanding 
TnH t h M Y ? ° ng Pen0 u d ° f time ' a ' SO When maximum workin S ™** g e is larger than 4 2V 

was 4 SVC,** °* r PertV T h ' Ch W f S eXCe " ent a,S ° When eSpecia "y maximum w ^king voltage' 
nan Ifth" Cu h t -°7 I Volta f can be „ made '"ore than 2.0V. and can be made more than 2.5V at a 
pan. Although not l,m.ted espec.ally about a current value, it is usually used by the constant- 
current d.scharge of 01 - 3C. Moreover, although the charge and discharge of the lithium 

ZZ£S£ZZ P :et S a'b n . V y enti0n ^ ^ ^ ° Ut * - 40 " 100 C h «» ^ * 

[0029] 

[Example] 

con^ GXamPle ° f 3 COmparison are * iven and this invention is explained 

Example 1 

[Measurement of oxidation potential] 

After haying dissolved LiPF6 in the non-aqueous solvent of propylene carbonate so that it might 
become the concentration of 1M. and adjusting the electrolytic solution, it added so that t migh 
become 3 % of the we.ght to the electrolytic solution at this about ( + )-fenchone as said organfc 
compound. Ox.dafon potenfal was measured at the room temperature (20 degrees C) using the 
e.ectrochem.stry analyzer (model 608A) by the ALS company. The platinum pin electrode 
(d.ameter of 1mm) was used for the reference electrode on the metal lithium foil and the 
operat.on pole. The sweep was carried out from +3V to +6V at the rate of 10mV/s It was 
specified as oxidation potential with the value of potential when 0.1mA current change is 

X"^^ deC,ma ' P ° ,nt r ° Unded 0ff " C «- oxidation 
[0030] 

[Preparation of the electrolytic solution] 

After having prepared the non-aqueous solvent of EC/DEC(capacity factor) =30/70 havine 

dissolved so that tt might become the concentration of 1M about UPF6 at this, and preparing the 

electrolyt.c solut.on. ( + )-fenchone was further added as said organic compound so that i : might 

become 3% of the weight to the electrolytic solution ^ 
[0031] 

[Production of a lithium secondary battery, and measurement of a cell property] 
Acetylene black (electric conduction agent) was mixed 5% of the weight 90% of the weight 
polyvmyl.dene fluoride (b.nder) was mixed for LiCo02 (positive active material) at 5% of the 
we.ght of a rate, the 1-methyl-2- P yrrolidone was added to this, and it was made the shape of a 
slurry, and appl.ed on alum.num foil. Then, pressing of this was dried and carried out and the 
mixed^t 7*1 "2 I r eP r ed L He artlficial graphite ^native-electrode active material) was 
STl - 9 WC,g f S' PO,yV ' nyl,den ! fluoride (binder > w as mixed at t>% of the weight of a rate, 

the 1-methyl-2-pyrrol.done was added to this, and it was made the shape of a slurry and applied 
on copper fed. Then, pressing of this was dried and carried out and the negative electrode was 
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prepared. And using the separator of a polypropylene fine porosity film, the above-mentioned 
electrolytic solution was poured in and the cylindrical cell (the diameter of 1 8mm, height of 
65mm) of 18650 sizes was produced. The pressure clear aperture and the internal current 
interrupting device were prepared in the cell. 

In order to carry out a cycle trial using these 1 8650 cells, after charging to 4.2V by the constant 
current of 1.45A (1C), the bottom of a constant voltage was charged as termination electrical- 
potential-difference 4.2V under the elevated temperature (45 degrees C) for a total of 3 hours. 
Next, under the constant current of 1.45A (1C), it discharged to termination electrical-potential- 
difference 2.5V, and charge and discharge were repeated. Initial discharge capacity was 
equivalent as compared with the case (example 1 of a comparison) where 1 M LiPF6+EC/DEC 
(capacity factor) =30/70 are used as the electrolytic solution. When the cell property after 300 
cycles was measured, the discharge capacity maintenance factor when making initial discharge 
capacity into 100% was 86.1%. Moreover, the elevated-temperature preservation property was 
also good. Furthermore, the overcharge trial was performed under ordinary temperature (20 
degrees C) using 18650 cells which repeated the cycle trial 300 times by charging continuously 
by the constant current of 2.9A (2C) from a full charge condition. At this time, the maximum 
surface temperature of the cell after current cutoff of current interrupting time was 78 degrees 
C for 24 minutes. The ingredient conditions and cell property of a cylindrical cell of 1 8650 sizes 
are shown in a table 1 . 
[0032] 
Example 2 

As said organic compound, (+)-fenchone was used 5% of the weight to the electrolytic solution, 
and also oxidation potential was measured like the example 1. A result is shown in a table 1. 
Moreover, the maximum surface temperature of the cell after the ingredient conditions of the 
cylindrical cell of 18650 sizes and the discharge capacity maintenance factor after 300 cycles, 
current interrupting time, and current cutoff is shown in a table 1 . 
[0033] 

The example 1 of a comparison 

It did not add at all and also said organic compound measured oxidation potential like the 
example 1 . A result is shown in a table 1 . Moreover, the maximum surface temperature of the 
cell after the ingredient conditions of the cylindrical cell of 18650 sizes and the discharge 
capacity maintenance factor after 300 cycles, current interrupting time, and current cutoff is 
shown in a table 1 . 
[0034] 
Example 3 

As said organic compound, (+)-fenchone and 1-fluoro-4-tert-pentyl benzene were used 1.5% of 
the weight 3% of the weight to the electrolytic solution, respectively, and also oxidation potential 
was measured like the example 1. A result is shown in a table 1. Moreover, the maximum surface 
temperature of the cell after the ingredient conditions of the cylindrical cell of 18650 sizes and 
the discharge capacity maintenance factor after 300 cycles, current interrupting time, and 
current cutoff is shown in a table 1 . Compared with an example 1 , the temperature after current 
cutoff is low, and current interrupting time is also short, and it turns out that it excels in the 
overcharge prevention effectiveness further compared with an example 1 . 
[0035] 
Example 4 

As said organic compound, (+)-fenchone and tert-pentyl benzene were used 2% of the weight 3% 
of the weight to the electrolytic solution, respectively, and also oxidation potential was measured 
like the example 1 . A result is shown in a table 1 . Moreover, the maximum surface temperature of 
the cell after the ingredient conditions of the cylindrical cell of 18650 sizes and the discharge 
capacity maintenance factor after 300 cycles, current interrupting time, and current cutoff is 
shown in a table 1. Compared with an example 1, the temperature after current cutoff is low, and 
current interrupting time is also short, and it turns out that it excels in the overcharge 
prevention effectiveness further compared with an example 1 . 
[0036] 
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Example 5 

As said organic compound, (-)-fenchone and tert-pentyl benzene were used 2% of the weight 3% 
of the weight to the electrolytic solution, respectively, and also oxidation potential was measured 
like the example 1. A result is shown in a table 1. Moreover, the maximum surface temperature of 
the cell after the ingredient conditions of the cylindrical cell of 18650 sizes and the discharge 
capacity maintenance factor after 300 cycles, current interrupting time, and current cutoff is 
shown in a table 1. Compared with an example 1, the temperature after current cutoff is low and 
current interrupting time is also short, and it turns out that it excels in the overcharge 
prevention effectiveness further compared with an example 1 
[0037] 
Example 6 

As said organic compound, (+)-fenchone and cyclohexylbenzene were used 1% of the weight 3% 
of the wetght to the electrolytic solution, respectively, and also oxidation potential was measured 
like the example 1. A result is shown in a table 1. Moreover, the maximum surface temperature of 
the cell after the ingredient conditions of the cylindrical cell of 18650 sizes and the discharge 
capacity maintenance factor after 300 cycles, current interrupting time, and current cutoff is 
shown in a table 1. Compared with an example 1. the temperature after current cutoff is low and 
current interrupting time is also short, and it turns out that it excels in the overcharge 
prevention effectiveness further compared with an example 1 
[0038] 

The examples 2-4 of a comparison 

As said organic compound, well-known 4-fluoro anisole (example 2 of a comparison) 2-chloro 
th.ophene (example 3 of a comparison), and the biphenyl (example 4 of a comparison) were added 
by a unit of 2% of the weight to the electrolytic solution, respectively, and also oxidation potential 
was measured like the example 1. A result is shown in a table 1. Moreover, the maximum surface 
temperature of the cell after the ingredient conditions of the cylindrical cell of 18650 sizes and 
the discharge capacity maintenance factor after 300 cycles, current interrupting time and 
current cutoff is shown in a table 1 . 
[0039] 
Example 7 

As positive active material, replaced with LiCo02, and used LiNi0.8Co 0.2O2 (+)-fenchone and 
tert-pentyl benzene were used 1% of the weight 3% of the weight to the electrolytic solution 
respectively as said organic compound, and also the cylindrical cell of 18650 sizes was produced 
like the example 1, and the cell engine performance was measured. The ingredient conditions and 
cell property of a cylindrical cell of 18650 sizes are shown in a table 1 
[0040] 

The example 5 of a comparison 

As positive active material, replaced with LiCo02. and LiN.0.8Co 0.2O2 was used and also the 
cylindrical cell of 18650 sizes was produced like the example 1 of a comparison, and the cell 
engine performance was measured. The ingredient conditions and cell property of a cylindrical 
cell of 18650 sizes are shown in a table 1 . 
[0041] 
Example 8 

The non-aqueous solvent of EC/VC/DEC(capacity factor) =30/2/68 is prepared After 
dissolving LiPF6 in this so that it may become the concentration of 1M. and preparing the 
electrolytic solution. Furthermore. (+)-fenchone, tert-pentyl benzene, and cyclohexylbenzene 
were used 1% of the weight 2% of the weight 3% of the weight to the electrolytic solution 
respectively as an organic compound, and also the cylindrical cell of 18650 sizes was produced 
like the example 1. and the cell engine performance was measured. The ingredient conditions and 
cell property of a cylindrical cell of 18650 sizes are shown in a table 2. Compared with an 
example 1, the temperature after current cutoff is low. and current interrupting time is also 
short, and it turns out that it excels in the overcharge prevention effectiveness further 
compared with an example 1 . 
[0042] 
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Example 9 

As said organic compound, (+)-fenchone, tert-butylbenzene, and cyclohexylbenzene were used 
1% of the weight 2% of the weight 3% of the weight to the electrolytic solution, respectively, and 
also the cylindrical cell of 18650 sizes was produced like the example 8, and the cell engine 
performance was measured. The ingredient conditions and cell property of a cylindrical cell of 
18650 sizes are shown in a table 2. Compared with an example 1, the temperature after current 
cutoff is low, and current interrupting time is also short, and it turns out that it excels in the 
overcharge prevention effectiveness further compared with an example 1 . 
[0043] 
Example 10 

As said organic compound, (+)-fenchone, tert-pentyl benzene, and tert-butylbenzene were used 
1% of the weight 1% of the weight 4% of the weight to the electrolytic solution, respectively, and 
also the cylindrical cell of 18650 sizes was produced like the example 8, and the cell engine 
performance was measured. The ingredient conditions and cell property of a cylindrical cell of 
18650 sizes are shown in a table 2. 
[0044] 
Example 11 

As said organic compound, (+)-fenchone and 1— fluoro-4-cyclohexylbenzene were used 1% of the 
weight 4% of the weight to the electrolytic solution, respectively, and also the cylindrical cell of 
18650 sizes was produced like the example 8, and the cell engine performance was measured. 
The ingredient conditions and cell property of a cylindrical cell of 18650 sizes are shown in a 
table 2. 
[0045] 

The example 6 of a comparison 

The non-aqueous solvent of EC/VC/DEC(capacity factor) =30/2/68 was used, and also the 
cylindrical cell of 18650 sizes was produced like the example 1 of a comparison, and the cell 
engine performance was measured. The ingredient conditions and cell property of a cylindrical 
cell of 1 8650 sizes are shown in a table 2. 
[0046] 

As for the above example, cobalt or nickel sufficient on a negative electrode all deposited at the 
time of overcharge. The cell which added the organic compound of this invention is understood 
that the safety and cycle property over overcharge are good rather than the cell of the example 
of a comparison. 
[0047] 
[A table 1] 



http://www4.ipdl.ncipi.go jp/cgi-bin/tranj^eb_cgi_ejje 



2006/07/11 



JP.2004-063367.A [DETAILED DESCRIPTION] 



10/11 





M 




5 #«Hb£*3 

:fi(wt%) 


1 

SHI 
St 

(v; 




fBSlEil 
BrBtRS 
(#) 


1 Wfoa. 
pre: 


300 
) 1MU 

{ jten#| 

^% 


mu 
01] 1 


LiCoO. 


Aii 


:3 


4.6 


1 hi 1 :ocr 
IM LlHh 6 

EC/DEC 
=30/70 


24 


1 78 


86.1 


mM 

m2 


1 LiCo0 2 


Ail 


1 ( + )-^X>I3> 
\\ :5 


4.6 


111 I ;l-\r- 

1 M LiPFs 
EC/DEC 
=30/70 


| 22 


74 


85.8 


m\ 


: LiCo0 2 






5.4 


IM LiPF 6 
EC/DEC 
=30/70 


31 




82.8 


mm 


LiCo0 2 


Ait 

lira 


:3 ^ 
1 -^;U^- □ -4-tert-K>^ 

1 :1 - 5 


4.6 
+ 
4.8 


IM LiPF 6 
EC/DEC 


20 


71 


85.7 


mm 


LiCo0 2 


Ait 


:3 ^ 
tert-^>-^^ ^>if> 

1 :2 


4.6 
+ 

4.0 


1M LiPF 6 
EC/DEC 
=30/70 


20 


70 


85.9 


mm 
An 1 ) 


LiCo02| 


Aitl 


(-)-7l>3> 
:3 

:2 


4.6 
+ 
4.8 


IM LiPF6 
EC/DEC 
=30/70 


20 


7n 


RR Q 1 




LiCo0 2 


n& 


:3 
:1 


4.6 
+ 
4.7 


IM LiPF 6 
EC/DEC 
=30/70 j 


26 


70 


85.1 


01J2 


LiCo0 2 


Ait 
ma 


:2 


4.5 


IM LiPF 6 
EC/DEC 
=30/70 


22 


118 j 


72.6 




LiCo0 2 


Ait 
Utt 


2-^PP^37x>:2 


4.4 


ill 1 ■[— vr— I 
IM LlPFg ] 

EC/DEC 
=30/70 


19 


92 


73.3 


/Til J 


LiCoOo - 
f 


A,it 






IM LiPF 6 ! 
EC/DEC 
=30/70 


18 I 


83 


74.2 


USE 

mi < 


LiN '08 L 

2o D2°2 * 


*jt 


:3 ^ ^ 
tert-^>^;U/<>-tf> 
:1 


4.6 
+ 

4.8 


IM LiPF 6 I 
EC/DEC 
=30/70 


24 


70 


85.3 


Ifctt 
0!l5 ( 


3002Q2 * 


kit 




5.4 


IM LiPF 6 
EC/DEC 
=30/70 


31 f 




80.4 



[0048] 



JP.2004-063367.A [DETAILED DESCRIPTION] 



11/11 v 



[A table 2] 
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[0049] 

In addition, this invention is not limited to the example of a publication, but various combination 
which can be guessed is easily possible for it from the meaning of invention. Especially the 
combination of the solvent of the above-mentioned example is not limited. Furthermore, although 
the above-mentioned example is related with the cylindrical cell of 18650 sizes, this invention is 
applied also to the cell of a square shape, an aluminum lamination mold, and a coin mold. 
[0050] 

[Effect of the Invention] 

According to this invention, the lithium secondary battery excellent also in cell properties, such 
as safeties, such as overcharge prevention of a cell, and a cycle property, electric capacity, and 
a preservation property, can be offered. 
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ftfj f£ > ^ n ^ =Jf- v" yl"< > -fe' > ft "d $J # s ^ n ^ -> > -fe* > x l -7/^0- 2 — > ^ 

n ^ 3- -> ^< > i? > , 1 — — 3 — -> ^ □ ^ 3f > ^< > if V , 1— — 4 — 

-> o 3r -> /U V if > % i-^DD-4-y^o^^y/l-'<yt'> 1 1— ;7 n — 4 - 

[If 1 4 ] 

W)U&mit&®>& T V is \\L%m<n> '> t£ < H 1 ifciU't e r t - 7 /V * Vft^ 

mx'&zm 9 12 « m gc ^ & £ $t zum 0 10 
lie** is] 

ffj IE t e r t - 7/l'^;P'<yf yft^#l^ t e r t-^^/l"<^-^V^ t e r t - ^ ^ 
/U^yfV, 1 — 7/^^-0 — 4- t e r t— /l"< > 12 > y 1 - 7 /U Hr n — 4 — t e r 

£■ ft -t" 5 y^ ft o 

i6] 

[if** 17] 

= jv v s li =. y fv & ^ m -r z> v f- v j* t <d m & & <t m tt 5 m m V y f- v ^ & m 20 

fflUtStt/i^ yAil5ra-f^y/t5:ilci9i»<oSitt?r{t»t5:i:?r 

& <t -r 5 y * a - & m & ffl « m m «, 

[f»^« 1 8 ] 

WIE#^^-&^tL.T, Kfttfi^ yf7 A | r ^tt+4. 6 V ~ + 5 . 2 V T- fc 5 -7" h 
Vft^fe?rtfflt5r t?r#S!tt5IS*5 1 7|Elwy ^*A~#;fSa!i/HSfl?i£ 0 
[ l 9 1 

ffiU* V . ^aSygV, y<Vh>- N -ry^VhV, # > 7 r — „ y" tf y" V , 7 30 

° 

i mxm. 2 o ] 

HtrlE^r^ik-^^*s^ h >4t Vo <o & K < t h l Iteiifi/^ a — -> /w ^* ^ -t? > it & m t- 

feSifjfcJSl 7 |E«W y ^ -7 A - j*fcm?l&ffl«»«E„ 
[ W*JS 2 1] 

ml IE ~> ^ P^*y;i"<>f y ft -g- #3 £ 5 ~> :7 o ^ ^ /u- > > N 1 — — 2 -v-^ 

n^df-iy/U^i^-^^, 1— — 3 — ->y'D^df->/V"<>'ifV, 1— — 4 — 

•y^ n^^rv/zw^y-^y, i-^DD-4--y^p^#v'/i"<yfy > l— ^o^-— 4 — 

> ? n ^ •> /V i? >" , 1 - 3— h' - 4 - is ? n 3r is ^< ^ ^ h m tl tl & 'P < 40 
l f»# Jg 2 2 ] 

tfriE^raMfc-S-^as^ h^fb-^#>w^nc< ^fc i m a i. xr t e r t - r/w^^-o-exti-g- 
^t?fe5f»*^i 7f2«<£>y^?A-&m?&ffim$?i£. 

[IS*3S 2 3 ] 

BiIfEt e r t - T A- 5r /l"< ^ 1f ^ 1fo & t e r t-r/^/l'^V-tfV, t e r t-^V^ 

s x 1— 7 a — 4 — t e r t — 1-7/1^^0-4-1 e r 

I §S * « 2 4 ] 50 
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au he m m it m <d % & & & , issi^lto. i m a % ~ 1 oii%fi,Ki«» 

[ fg n <z> §¥ iff ft Ift H ] 

[OOOl] 

# * E tt » «l*©il*«lKJl:/j:if©5je^tt*5irjtiH'^/nWFtt, ® ^ W * . ifc # # ft if 

» « an #14 \z h m ti K v v a - # &m & j§ m -r 5 r t # -? # -s £ & v r * a - & m a 

[ 0 0 0 2 ] 

?>-f, §ii*ffl©gltLT©itt*tv\ rroy f ^A-^iftfi^ nicies, 
mm t j^**tJpfx« y ^^^^js^jiiii: Lit v 9- <> a -fcmm&&mizmm $ nx 

h (EC) , ^ntfl/V*-#*-h (PC) *4f©*-#*-hSI^#3i|lJ:ttffl*ftT 
[ 0 0 0 3 ] 

mm ft <j 9 v a. & tk tii z ti z> t m m ^ n m x itmm & v 9 ? j± & & m & c x . r >- k 

^Wfcfe, jE • ft « © jSJ ffi as <t 5* W * ft fc-ffc 5 0 jE • ft ffi O MS # 
ft 3* l$ l£ ft Jg: tc ft 5 i: x ^^ 5 T(4^*Sfi¥^^W^-#^-h^tf^fflLT^A?L. * 

rtttcioT, ttttas Attic IBM «?&o^^^*s*/j:fett5 

ti if a n * m s t ft -5 „ 

[ 0 0 0 4 ] 

r©i 9<cP D ^ilr»ftt5fcft % S fi¥ $c <P AD #J i: L X 'P m <£> % & felt & ® & m fia -f Z> 
£ fc IE J: o T , i@?EiC*f LT$ttt^iS«T'^5 i 5l;Lfct©^, 0>Jxtf. 
-3 0 2 6 1 4-5§-4*$gjC:f3^TS^£;ft,f;: 0 :©#if 7 - 3 0 2 6 1 4 ^ $g « % m 
ftSiKogsflD&li: Lt, 5 0 0WT-e^^«^<75IEfiiSfeJ; *) t*ftm&{cprieit^ 

fkS7c««£S:W-r^J: 5ft7t«T-$LSt£r*#oX^y — St # ft: ft if £r fl! L T V> 5 . r. <D 
J: 5 ft T - y — /u- ^ ft: fit % tll'iT-kKy^v't r i t J; 0 , i§ 3fc « tc *t L 

[ 0 0 0 5 ] 

* fc, #HJF9-1 0 6 8 3 5*4**-c?hu ft«JE«**f»*fflw m/SjK^^An^lib 
T , ^7i=/K 3-R-^^-7^^ N 3-^nn^^-7^^, 7 7 >Sr^ 1 ~ 4 

o * . #9fl¥9-1 7 1 840-§-^^-C(4, |B] « tE , K-^^^/W, 

, t7xy, 7yV£<£fflLT, tffiWft ^f^i^ff ^ j@ i 5 Iff f If 7 x 

= A- ft if # fi <£• -f 5 ^ £KU:o-C*fl:«:»£&* % rt^m^^^f^BSrf^ift^-frS^irJc 

5. »H¥l 0 - 3 2 1 2 5 8 f^«T?tt 1 HO EllE v fc'^^^/W, 3 _ R _^^- 7 

3-^0^*7^, ■? ? > *®.m lx . m^oft^f^i&mffi^s^-siijBE-C' t- 

[ 0 0 0 6 ] 

La»LfttfSt>. # l» ¥ 1 1 - 1 6 2 5 1 2-5§-<k$8-eJ4, If 7 x ^^j^Jo 
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}3\,sX . 4. 1 V £■ ^ 5 SJE ±PS * T' 4 9 * s Uk 9 S $ It 9 . 4 0 t; « ± « S fi T 

ad * © it * ic # o x , * co m is) tt g s ic & 5 t u> o m m a » $> s - * s fe m £ n. x ^ 

2-i>7x^;U7'D/<yi t'^I^tSIiiaoT, ^ ft 

^^*$*-crta5««§]»f^e^^Ki^-y:fc9. mmtx » ^ z t \c x *> 

o 

[ 0 0 0 7 1 

L L & tf* <b v #BB¥7-3 0 2 6 1 4^^^lC{§^£;h,fcT-y-/l'^jg#te, I'K? 
y * -y -V h;HC i '9l*tlc^Lt*ai^fflt5cOlC»Lt, 1?-'1'y/H#*fc J S>iS##*4 
tcjgfe«£&l£-r t ^ ? Fn^B£r£ C fc „ « Sg $ T V> 5 T - y - /t- ^ * ft «4 , 40t6U: 

mt * * * K T =• V -A-3iig###ft¥L , 2ti:5K©S?&1#14* 5 ^Ti-S^v^P^M*Sfc5 

o 

[ 0 0 0 8 ] 

£ fc % #ig3p9-106835^-^^. # M *F 9 - 1 7 1 8 4 0-S§-<£$8, #^¥10-3 20 
2 1 2 5 8 ^&»lCllSl$tlfclf7x=/l' > 3-R-^^-y^>. 3-^nn^^-^^y 

t* y * - /u m m m t * » * ic * 5 t ^ 5 its a * * £ . r n 14 . if 7 * = * if a* 4 . 
•5 » -a- ic t> a ifP ft u <^ a je tc s ^> $ *t s <t . * c f y ^ =• * ft if * 5 # » l- t * * 

</,f-pTL*5fcJi6^-7"-ry^#^>4S(g;TL-CL.*5„ H K 14 , ife & S <h * * tc tf y 
i - & ri* # fi? L T '> & < o T L * 5 fc J6 Ic, 3 0 0 V ■< ? '& i& ft & ft 0 

[ 0 0 0 9 ] 30 

|C J4 , 1.1 - 1 6 2 5 1 2 -§• £r 38 IC J§ ^ £ *b 2 , 2-v'7i=/l'/o^>'Jri 

^5It^^^lL/«cv^m?feJ:9'bi§*fl:^w^d■•rs^^^±l4fi:V^ <> 2, 2-^71=^70 

y £ 8s ;!Jl] L fc « ?& J4 , try^-zi'SrSsflDLfcmteJ: 9 ff if W y/H$ttri5»e>ft5 t 
ft hfcto \^ K^^Mfe £ V 4 ? ^¥f&limi<^ ^ t £ tlX Z> „ «t o T „ C 

? i;, i£&<om%m.m ±<r>mm t vx i± , 4 . svA-ifiomte-c-w-Ks/y^v-^h- 
zi'tijfe. 4. 5 v^T^iSti^tsiiiaot, m?&©i : *jS5e*tsr7<:#<-r5 

2r j£ , ^^&^4$*TF^gj5m^;§)»f^e?r^W)$-B:5riJCJ;9rtg15M«&5r4C^iirfc 40 

. a § * , ffi#ttt/i^»tft#tttt^f Ltl£*t«t-I±^^ © # ^ ^ X 1b Z> „ 
[0010] 

*$§9m, h&is© <t p v ^ y a - &m?&ffl mmwuz m-r z> warn u > mm<om^.m 

&5 ±tj: if <D&±i±*i 4 i? mfC^ft. if ©a«6#14Jc t ffi V 

?ife©^±;ttS:5ll«-r S^rfe. H«-I4, £ ±& <n m v <> 1* -fcn,M m m.MWi & m z 

[0011] 50 
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# 38 W li , =/<^ FSf:li-y^^5r^f f5 !) f i)Ai:OS^Sf<bfei)^/i5lS, y 

ffWLfcStt4!if !?A41S:3-f^y^ (^Fgttft) t 5 r t lc J: {) lr 
iftti^tSrWiitSDfnzftt*. * © y ^ * a - Kttttft ttftttu fcitftt 

[0012] 

E * « Yk: -fr * x y^^^lc^fL-c+4. 6v~+5. 2 vrofftff Iftf Wic^ft^ 
«t5 r t let <0 , ifla5*B*U:A«±K:*ffflLfcfl&tt/j; y ^^^^JSt^TKfl;^®^^^ 

^ ( ?F S 14 ft ) U , m%n.V5 ±%)%k*&.%L-f Z> h <n b x.t>h*> » ^£ c£ jj* * % m tf> £ 

[0013] 

. 6V-+5. 2 VtS^fcftC, 4 0 < Ctl_h©«^ J ^a^f^«b«JE-C-^fe!c«Sr^t)3SL 

XL ib ti Z> „ 
[0014] 

**»<tt^^:«*^r^*»*i^T^^5«^!¥*^^:^*■$^^Sl«rE*■«ft'g•«l^: LTtt, KT« 
i: 5 & ft 2 s * b *x 5 „ # ^ s «C-t-SHlfi«l=:lE*Ufc36rj*KJ:«)jB^Lfcy^-!> 

A{i^-r^^ft«te^^ y nrtt^t, 

2 S > (4. 9V) , 2 - ^ ^ - 3 S^^yv (4. 9V) , 2, 4-v 5 ^^- 

jV - 3 - ^<ls ? / Is (5. 2V) „ 3-y^/P-2-^<>'^/>' (4. 9V) , 4-^^ 30 
/U-3-^*-y-/> (4. 9V) , 3, 5-^^ = f-/V-A-^-f9/^ (5. IV) , 3 
- s , 3 - ^ ^ /U - 2 - * J Is (5. IV) x tt=P> (5. IV) , 2, 2 - ^ 

' f- As - 3 (5. IV) „ 2, 2, 4-H)^f;I/-3 SV^y^ (5. O 

V) s 2, 2, 4, 4 - ^ |-7>f/l'-3 ^V^yv (4. 9V) „ 3, ± - V * =f- /V 

- 2 ? / V (4. 9V) , 3, 5-i/*=?-/U-2-^*-9-S^ (4. 9V) , 3, 

4-v ? y^/U-2-^^r-y-/>' (4. 9V) „ 3 - ^ y 7* n 2 - ^/^y y (4. 

9V) „ 2, 4 - is * =f- ,v is ? vi y ? / is (5. OV) , 2, 2, 4, 4-^hv^9 : -/l' 

is ? a fr y ^ (4. 9V) , 2, 5 -v'/f-zUi/^ oXy-? / y (5. 0 V) % 2, 2 

, 5, 5 - |>7^^'>^ D-:y^y > (4. 9V ) N (-) - ^ ^ 3 > (4. 9V 

) , 2, 6-i>^f/l'V'^ n^dffyy (5. OV) » 2, 2, 6, 6-7h7^f/l'V' 40 

^n^dr-^y>-(4. 9 V ) x 2, 6-v f -tert-:/^/l'V'*a^*f-,/>'(4. 9 

V) N 2, 6-v J -sec-^^-/Uv'^a-v. ; ?rih > 'y (4. 9V) „ 2-sec— r/^/P 

v-^a^*-y-/V (4. 9V) % (-) - * Is h Is (4. 8V) , ( + ) - * Is h Is (4 

. 8V) , (±) - * Is h Is (4. 8V) % s( V * is V Is (4. 8V) , (-) - % Is ~7 

r - (5. OV) , ( + ) - # > 7 r - (5. ov) „ (±) - fj is y 7 — (5. OV) 
, ( + ) - J f J >■ (4. 9V) , 2, 7 - is * 9- As is ? n ^7° ? J is (4. 9V) , ( 
-) - 37 =. S 3 is (4. 6V) , ( + ) -y ^ls =1 is (4. 6V) % ( ± ) - 7 x. Is 3 is 
(4. 6V) , 2-T¥-*>9J> (5. 2V) f£ if *s m if h ft , rttbfilWS-C^ffl 

ft -a* #j pjt j£ £ *t 5 t> <^> t? fi v> 0 so 
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[0015] 

* tz . fltjfeti^^fe t LTy^ D-.^yyi.^yf y (4. 7 V ) Zffim-t&ZtfcT'Z 
% 4# IC m ft m & & 4 . 6 - 5 . 2 V ffciWEir h > * I: » ft «fi[ *U . 7 V <D is 2 

a^irZ/jU^^lz^&lJQjLZZkiCX*). » ?E m ih 5& * Sr fa ± £ & 5 £ t » X $ Z> D .ft 
2o . #1 £ fcf ^ ^ > 3 > K ^ D ^ * •> V 1? > 1m A. 5 ^ . 7x y ^yco^^iliy 
^ n^^^yu^yf >£Olii:?tLT4fgiWT^ffS l< , # S L < ft 0 . 3-3^fi 
, #i:0. 5 — 2 . 5 '« * a* # * L 0 WBLfci 5lw»ftlfi^||ft5*4< i: t 2 1 

y*-*Afc:#LT+4. 6 V ~~ + 5 . o votfttKft5)»t5r 9, 

(cSDftJL. ftS±i:«fJULfcffitt4y f (^Sttlk) * <£ « £ ix 

s mmik&vox* $>ix . w I* - n <b co.ft eg ^ $ n £ t x 12 ft ^ 0 j 7t, 

ffllEi/^ n^^^/W^Vif^^l^^ft^jmSr^^-^ft^^lt LT, 1 - V A> * n - 2 - > 
^ u ^ ar A- ^< >- if V (4. 8V) % 1 — 7 ;V xj — 3 - n 3r WW ^< V if > ( 4 . 

8V) . 1 - 7^to-4-i/^n^*v'/P^yf y (4. 8V) s 1— ^ n n - 4 — 
^a-v.^r>/W^<>'-^> (4. 8V) , 1— zfu^r— 4 — is ? u ^ *r is /W* > H ^ (4. 8 
V) % 1 -3-K-4-^^P^^v^/^yf y (4. 8V) ^ <D & # > f& + W:&<D i/ 

[0016] 

iEtftft^ftt Lt, t e r t - < H 1 1^ 20 

X. If t e r t — /l"^ > H > (4. 9V) % 1— 7;Ut d - 4 — t e r t — ^ ^ /1"< V 

i? > ( 4 . 9 V ) . l-^uo-4 — tert — ^ s f*/\"<>"&Zs(4. 9V). 1 — :/ n 
^e — 4-tert — ^^/l^^<>"tfV(4. 9 V ) . 1— 3 — K - 4 — tert— r/^-/l"< 

> ir > ( 4 . 9 V ) . 5-t e r t-^^/U — m — ^rv-UV (4. 6V). 4-tert 

- ^ ;V V ;V ^ (4. 7 V ) % 3, - t e r t-/f;^;l^xy (4. 8V) . 

1 , 3-^-tert-^^yW^>'-^>'(4. 9 V ) . 1, 4 — t e r t - 7 J\"< 

> i? > ( 4 . 9 V ) . 1, 3, 5-hU-tert->^^/U-<V^^(5. 0 V ) ft if (D 

r t - ~f /\"<>"& 1/ tfoifi ^Mf <b *L . £ fc. t e r t-^V^/l^Vif^ (4. 8 V 30 
) . 1 — 7 JUst u — 4 — ter t-><^^/U^<Vif>'(4. 8 V ) . 1 - ^ D P - 4 - t 
e r t — 'O'^* (4. 8 V ) . 1— ;/D^e— 4 — t e r t— ^V^/U-^^ifV 
(4. 8 V ) . 1 — 3 — K-4-t ei t-^yf/l"<>*y (4. 8V), \ - * ^ >V 

- 4 — t e r t — ^^^yU^VifV. (4. 7 V ) . 5-t e r t - /l/-m-^r^ 

(4. 6V) . 1 - ^ ^ - 1 - ( ^ ^ A- ^ n fc° ) -< V if ^ (4. 8V) . (1, 
1 _^ x f /V/p t 9 ;^) -<yf > (4. 8 V ) . 1, 3 - - t e r t-^V^/U-^Vi? 
V (4. 7V) . 1, - tert - ^<yf /^yf y (4. 7V) ft if CO ^ a y > 

me ^ * 12 £Stst 3& 1 - 1 2^^i:^t > b<^^ttT/l-^/^fi-ee^^i^Tv^?, t e r t - r 
,v * -o -i? v ft ^ 4fe « s * ff e> tt 5 o 

[0017] 40 

HI-. ^ h Vft^fel-, ^/^ D^^ri//I//<yf yjt^^t5j:y t'e r t - T 3r /i"< >- if 

> ^ p^^^yy^yfyioi:!;, t e r t— ^ /l"< ^ > ^ t e r t--<V^/W^<>^ 
> x 1— — 4 — tert — Zf A"< is ^ l - 7 t a - 4 - t e r t— ^> 

[0018] 

if &mt> V «itt«#iTt5 r i: ^fo 0 . i§Si-^>ftv>ir. + 5> ft i§ % S * ^ ft n 
ft V>CDT-. «ft?fiSomS{C» LT0. 1 - 1 0 1 - 5 fi * % CO © ffl ^ 

» * L ^ 0 50 
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[001 9 ] 

LTtt, M x. H , if (EC) . 7 s o f 

u > # - ^ - h (PC) % U>*-t^-F (BC) . t'^U^*-zK^-h (V 

C) Jfct'©S^*-*'^ - y - yf C7^ V is t£ Z to ? 9 h >m. 1, 

^^^^hXcif©»«^^*>SE«, S> > f /l- * - zK * - h ( D M C ) , ^f/Hf^ 
# — ^ — h (MEC) , ^xf/^-**^- (. (DEC) ft if © f( #t # — — hS > 
?h?Kh'B7¥>* 2-^f*f F5t 1, 4 - 3? * * ^ „ l, 2-5? 

^ h^fi/i^y, 1, 2 - v> i h ■> i ^ y , l, 2 - yy h^->i^y^f©x- t- ,v 

V It * * f if tf> ^ * t- /US , y^f^*;^7 5 K if <£> T 5 K IS # ^ 6> *i, 5 «, 
[ 0 0 2 0 ] 

- hilg£tf>ffl^<S-i?-fr, ^tf^-tf^-hSir^h^Sirtfrn^-g-^-li:. ft 

^ * — # * — y-m 3 mm b mvt% — h m b <d m. ?>■ & t> & % z m * <d m. & t> & & m 

if h tl 5 o 

) [ 0 0 2 1 ] 

LTIi^Jili, LiPF 6 , L i B F 4 . L i C 1 O 4 . 
LiN (S0 2 CF 3 ) 2 , LiN (SO z C 2 F 5 ) 2 , LiC (S0 2 CF 3 ) , [ 
LiPF 4 ( C F 3 ) 2. LiPF 3 (C 2 F S ) , , LiPF 3 (CF 3 ) 3 % LiP 
F 3 (iso-C 3 F 7 ) 3> LiPF s (1 s o-C, F, ) 4if##»f6ii5, rft 

hMMKl-i. HufEW^TK^j^f'ii^O. 1 ~ 3 M , #f £ L < 13 0 . 5 ~ 1 . 5 MOgfT 
[ 0 0 2 2 1 

IS mm it & tfo (D o *>^t£ < £ fc lffiS:^S?-r-5^tlCj;D»t>^-5 0 
[ 0 0 2 3 ] 

[ 0 0 2 4 1 

m x.t£^ sEmmmn b l- r « =» ^ h^fctt^y-jr/psr^^r-rs y f ^Atws^^st 

ft # ft ffl £ *l 5 0 r©J:5fc«-S'&JRIMfctti:L-Ttt, LiCoO z . LiN 

iO Zx LiC 0l _ x Ni x 0 2 (0. 0 1 < x < 1 ) ttb'&mifbfrZ. * , Li 
Co0 2 irLiMn 2 0 4 , LiCo0 2 i;LiNi0 2 , LiMn 2 0 4 i:LiNiO 

[ 0 0 2 5 1 

IE *i «: N HtrlEO]EffiS®JS^T-fe-5 : -U>-^'7 5'^, # — ^^T'vs/^^JfcD^mSiJioiUt 
*!)f h77^toxf (PTFE) , * !) 7 y ft tf = !> f ^ (PVDF) , * f U 

vty?i?xyo#I^* (SBR) , T^yp^MJ/Pt^^^xy©*!^^ (NB 
R) % */W**->^f /U-t;Un-^ (CMC) ft b* <D & m M b mm L X IE m & M b L tz '& 

5 0 t~ 2 5 0tgS©fiSf 2l^Fp18«X^TT^Dll!i&at5 i ilci 9 f£®i $ 4x5. 
[ 0 0 2 6 1 

A « ( Affi ffi 4fc ® ) i: L T li . !)f ^A^i^yf |)aa^ s £fcte!)f*A£:Kjg.jjfc 
*l< 5 „ # JC . te^-E (002) £> S ffi R§ (d 0 0 2 ) # 0. 3 3 5 ~ 0 . 340nm ( 
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ft <v £ o U. *& * *t £f It is > t°d t° u > i? y^-#y (EPDM) . D 

xh77yU^-o3i^-U-> (PTFE) , V V y -ft t' — 'J > (PVDF) „ ^ ^ U > i 
^VO^M-g-ffc (SBR) x 7^ !) p- FiJyl'i^^ v>iy©*l^fl: (NBR) 
. *^# + ->>f /Ht^d-^ (CMC) #<t*0*£*#J < tSi^LT:ilffi-g-#J ( hLT&ffl£ 
ix -5 „ 
[ 0 0 2 7 ] 

t^'u-^i: Ltli&ftro^!) t^7^ y©ft#ILI, & * , ^ * & if # ffl £ *v -5 0 10 
[ 0 0 2 8 ] 

K *? fc 9 . aEtlfct^^/H^tttrtLTfc'^ #(C*^^tbmJBE^S4. 3 V © i ? 
(£kffi;h.fc1^^/w#f4£ : firLT^.5 0 *y ht7lEtt < 2. 0 v&±i : t iiT 
£ {C 2 . 5V£A±b-tt>ZktfX'ZZ<, Ic o K: £ ft 5 t <£> T* li 

il^O. l~3C©£tSii!!(lt-Sffl^ii5, £ fc, ^^^IC^JtSy^-^A- 
#; « , -40~i OOti^ffilfJftttKiiK-^ii, Ulio~8 
0 t t- 5 . 
[ 0 0 2 9 ] 
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